Registry data are important for monitoring the impact of new therapies on treatment algorithms and outcomes, and for guiding clinical decision making in multiple myeloma (MM). This observational study analyzed real-world data from patients in the Population-based HAematological Registry for Observational Studies who were treated for symptomatic MM from 2008 to 2013 in the Netherlands. The primary endpoint was overall survival (OS) from initiation of first-line treatment. Secondary endpoints included OS and progression-free survival per treatment line, treatment patterns, and treatment response. Between 2008 and 2013, 917, 583, 283, and 139 patients had initiated first, second, third, and fourth treatment lines, respectively. Thalidomide-based regimens were the most frequently used first-line treatment (66%); bortezomib-and lenalidomide-based regimens were most often used in the second line (41% and 27%, respectively). The median OS (95% confidence interval) ranged from 37.5 months (34.8-41.8 months) in the first line to 9.2 months (6.2-12.3 months) in the fourth line. Univariate analyses showed that survival benefits were most apparent in younger patients (65 vs >65 years). These analyses provide important real-world information on treatment patterns and outcomes in patients with MM.
Introduction
Multiple myeloma (MM) accounts for 1% of all cancers, and in 2012 the number of new cases in Europe was estimated at 38,900. 1, 2 In the Netherlands, the incidences of MM in 2012 were 6.6 and 4.0 cases per 10,000 people for men and women, respectively. 2 There have been improvements in diagnosis, early intervention, treatment, and supportive care for patients with MM over the past 15 years, and as a result, patient outcomes in Europe have improved significantly. 3, 4 Data from the Dutch Cancer Registry show that 5-year overall survival (OS) improved substantially in patients with MM diagnosed in 2004 to 2009 compared with those diagnosed in 1989 to 1993. 5 Although survival rates have improved over time, relapse rates and mortality remain high, indicating a need for more effective treatment options. Until 2014, the immunomodulatory drugs (IMiDs) thalidomide 6 and lenalidomide, 7 and the proteasome inhibitor bortezomib 8 were the mainstays of treatment in Europe. It is important to understand how these treatment patterns and agents have impacted patient outcomes in routine clinical practice.
While clinical trials are considered the gold standard for assessing novel treatment options, they often have strict inclusion criteria that exclude, for example, patients with comorbidities and/or a poor health status. Registries differ from clinical trials in that they collect real-world data on all patients and are therefore likely to reflect the characteristics of the general patient population. Disease-specific registries such as the Populationbased HAematological Registry for Observational Studies (PHAROS) in the Netherlands are valuable sources of realworld evidence. PHAROS was established in 2010 and has collected treatment data from adult patients (aged ≥18 years) diagnosed with hematological malignancies (including MM) in the Netherlands from January 2004 onward. 9 These data provide information on treatment patterns and patient outcomes in daily clinical practice for a broad patient population often not captured in clinical trials.
Previously, data from PHAROS have been used to describe and evaluate patterns of treatment sequences and the impact of sequence ordering on progression-free survival (PFS) and OS for nontransplant-eligible patients diagnosed between 2004 and 2011, 5, 10, 11 as well as to assess cost-effectiveness. 9, 12 In this study, data from patients who received initial treatment for symptomatic MM between January 1, 2008 and December 31, 2013 were analyzed to assess real-world treatment patterns and long-term patient outcomes in the Netherlands. The routine use of thalidomide-based regimens as well as the approval of bortezomib and lenalidomide during this period may have impacted treatment patterns and patient outcomes over time; therefore, this time frame was selected for analysis.
Results

Patient and disease characteristics
The total study population in PHAROS included 1887 patients with MM diagnosed from 2004 onward, of whom 917 had initiated first-line treatment in or after 2008 and who comprised the first treatment line analysis set; 583, 283, and 139 patients had initiated second, third, and fourth treatment lines in or after 2008, respectively.
Considering trial participation (data not shown), 15% of all patients in the first-line treatment cohort participated in a clinical trial at first line (138 out of 917 patients). Out of the 538 patients who had initiated a second treatment line, 47 participated in a clinical trial at that line (8%). In the later-line treatment cohorts, trial participation was 3% for third-line treatment (9 patients out of 283) and 8% for fourth-line treatment (11 patients out of 139).
Baseline patient characteristics at the initiation of a treatment line were generally similar across treatment lines (Table 1) , with the exception of the year of diagnosis, which was related to the inclusion criteria. The median age at treatment initiation was 70 years in the first treatment line, 71 years in the second and third treatment lines, and 72 years in the fourth treatment line. Over one-third of patients had more than 1 comorbidity at diagnosis (35-42% across treatment lines). In the first-line treatment cohort, 18% of patients had undergone high-dose therapy with stem cell transplantation (SCT) as their initial treatment. In the second treatment line cohort, 23% of the patients had received this high-dose treatment with SCT in either the current or previous treatment line. For patients included in the third and fourth treatment line cohort, this was 25% and 21%, respectively.
Treatment patterns
In the first treatment line, thalidomide-based regimens were most frequently used (66%), followed by bortezomib-based regimens (15%) ( Table 2 ). The proportion of patients receiving a regimen containing thalidomide in the second, third, and fourth treatment lines was 19%, 14%, and 5%, respectively.
In the second treatment line, bortezomib-and lenalidomidebased regimens were used most often (41% and 27%, respectively). In subsequent treatment lines, lenalidomide-based regimens were most common (44% and 34% in the third and fourth treatment lines, respectively), followed by bortezomibbased regimens (28% and 29%, respectively).
Patient outcomes
The median follow-up for OS from the first treatment line was 62. 4 (Fig. 1) .
A similar trend was also observed for PFS. The median followup for PFS from the first treatment line was 38.8 months (95% CI: 36.4-44.0 months). The median PFS in the first treatment line was 18.0 months (95% CI: 16.3-18.9 months). In subsequent treatment lines, the median PFS decreased to 8.9 months (95% CI: 7.9-9.7 months), 6.4 months (96% CI: 5.5-7.2 months), and 4.7 months (95% CI: 3.8-5.6 months) following the initiation of the second, third, and fourth treatment lines, respectively (Fig. 2) .
The depth of response also decreased at later lines of treatment (Table 3 ). In the first treatment line, 69% of patients achieved a partial response (PR) or better, and 12% of patients had a complete response (CR) or stringent CR (sCR). In the fourth treatment line, only 34% of patients achieved a PR or better, and only 1% had achieved a CR or sCR. It should be noted, however, that the percentage of patients for whom the level of response was unknown increased in later lines. Almost one-quarter of patients (24%) achieved a very good PR in the first treatment line, while in the second, third, and fourth treatment lines, the rate had decreased to 14%, 9%, and 6%, respectively. Concurrently, the proportion of patients with progressive disease increased from 7% in the first treatment line to 13%, 19%, and 17% in the second, third, and fourth treatment lines, respectively.
Age at treatment initiation and survival outcomes
In the first treatment line, the median OS in patients aged 65 years or younger at the initiation of treatment was double that of those who were older at the initiation of treatment (64. 6 Table 4 ). The median OS was also longer for younger patients (aged 65 years) than for older patients (aged 14 (2) 12 (2) 5 (2) 2 (1) ISS stage at diagnosis, n (%) I 217 (24) 130 (22) 58 (20) 25 (18) II 227 (25) 150 (26) 71 (25) 34 (24) III 236 (26) 144 (25) 71 (25) 34 (24) Missing 237 (26) 159 (27) 83 (29) 46 ( (2) 10 (4) 8 (6) 2005 4 (0) 36 (6) 29 (10) 24 (17) 2006 10 (1) 47 (8) 34 (12) 13 (9) 2007 56 (6) 124 (21) 70 (25) 35 (25) 2008 278 (30) 136 (23) 67 (24) 32 (23) 2009 243 (26) 115 (20) 44 (16) 16 (12) 
Yes 161 (18) 135 (23) 71 (25) 29 ( Treatment regimen, n (%) Melphalan/prednisone-based 47 (5) 50 (9) 14 (5) 14 (10) Thalidomide-based 608 (66) 109 (19) 39 (14) 7 (5) Bortezomib-based 139 (15) 239 (41) 78 (28) 41 (29) Lenalidomide-based 60 (7) 159 (27) 124 (44) 47
>65 years) in the second and fourth treatment lines, although the CIs were overlapping, and patient numbers were low in later treatment lines. A longer median PFS was observed in younger patients (aged 65 years) than in those older than 65 years at the initiation of first-line treatment: 22.6 months (95% CI: 19.8-26.5 months) versus 16.2 months (95% CI: 14.5-17.9 months). This difference was not observed in later treatment lines (Table 5) .
High-dose therapy with SCT and survival outcomes
For patients who received high-dose therapy with SCT (in the first treatment line), the median OS from initiation of the first treatment line was NR (95% CI: 70.4 months to NR) compared with 32.2 months (95% CI: 29.2-35.5 months) for those who had not received SCT in the first line (Table 4) . For patients who were in the second treatment line and had ever received SCT (ie, in the first or second line), the median OS was 29.5 months (95% CI: 19.9-40.1 months) compared with 17.7 months (95% CI: 15.8-21.4 months) for those who had not received SCT in the first or second treatment line. A trend for longer OS in patients who had received SCT (in the previous or current line) was also observed in the third line, but CIs were overlapping (14.5 Table 5 ). The results of these analyses must be interpreted with caution; older patients are less likely to be eligible for SCT than younger patients, and this analysis was not corrected for age.
Treatment type and survival outcomes
The median OS in the first line was longer in patients receiving IMiDs (41.8 (Table 5) . PFS was longer in individuals treated with IMiDs or proteasome inhibitors than in those who received "other agents" in the first, second, and third treatment lines. Other studies have also assessed real-world treatment patterns in patients with MM. Analysis of the Austrian Myeloma Registry found that 48% of patients receiving first-line treatment received bortezomib, and 33% received an IMiD. 4 In the second treatment line, 48% of patients received bortezomib-based treatment, and 54% received an IMiD-based regimen. 4 Similar results were obtained from an analysis of data from the Czech Registry of Monoclonal Gammopathies (RMG) 17 and a large observational patient chart review across 7 European countries. 18 In PHAROS, a larger proportion of patients received an IMiD in the first treatment line than in the Austrian and Czech registries. This might partly be explained by the age of patients at diagnosis in the different registries, the treatment guidelines in the Netherlands, and the fact that thalidomide was the only agent that had been approved for upfront treatment at the start of the study period; bortezomib was approved later in the period. The use of IMiDs and bortezomib in the second treatment line was similar across the 3 registries.
There have been significant increases in the use of bortezomib over time, following its initial approval in Europe in 2004 and subsequent label updates. 8 It is likely that treatment patterns will change in the coming years with the approval of next-generation novel agents and treatment combinations. Since 2013 several new agents have received regulatory approval in Europe, including bendamustine, 19 pomalidomide, 20 panobinostat, 21 carfilzomib, 22 ixazomib, 23 daratumumab, 24 and elotuzumab. 25 It is important to note that when interpreting the treatment patterns seen in this analysis, reimbursement status and Dutch MM guidelines play important roles in influencing treatment decisions in the Netherlands. Only a small proportion of patients in the PHAROS cohort may have received 1 or more of these nextgeneration novel agents as part of a clinical trial or an early access program. Furthermore, uptake of new agents may vary by region and by clinic owing to local institutional practice 9 ; therefore, an updated analysis of PHAROS in the coming years is warranted.
In our study, the medians for OS and PFS from initiation of the first treatment line were approximately 3 and 1.5 years, respectively. In subsequent treatment lines, the median OS and PFS decreased substantially. In our study, patients were included if they initiated a treatment line in 2008 or later, and so those in later lines (ie, fourth line) may have received older agents in previous treatment lines; this may have impacted on survival. Nevertheless, decreased OS and PFS were also observed in the European patient chart review of 7 countries 18 and, although the patient population was slightly different from that of PHAROS, in an analysis of the Czech RMG. 17 Our analyses of PHAROS revealed that age at treatment initiation was associated with longer survival. This is supported by findings from the Europe-wide EUROCARE-5 study in which 1-year age-relative OS decreased from 81.6% in patients aged between 55 and 64 years to 59.7% in those older than 75 years. 26 This may be explained by the fact that elderly patients are more likely to have comorbidities, including renal impairment, cardiovascular disease, diabetes, and deep vein thrombosis, which can impact upon treatment decisions and patient outcomes. 27 We also found that patients who received an SCT in a current or previous line had a longer median OS and PFS than those who had not received such treatment. In the Netherlands, patients aged over 65 years are generally not eligible for highdose induction therapy and SCT (at least at the time of data collection) 13 ; therefore, their outcomes are likely to be worse than those who are eligible for these treatments. Other population studies have also demonstrated the benefit of SCT on survival. 28, 29 In our study, patients with ISS stage I disease at diagnosis had a longer OS and PFS than those diagnosed with ISS stage II or III disease. This is supported by an analysis of the Greek Myeloma Study group 30 and in another study in which 5-year survival rates were also found to be significantly higher in patients with ISS stage I disease than in those with stage II or III disease (52%, 42%, and 28%, respectively). 3 In clinical trials, OS and PFS have been shown to be considerably longer than those reported here (Table 6 ). In addition, the proportion of patients in PHAROS achieving a CR or sCR during the first treatment line was only 12%, despite the availability of a number of treatment options in clinical practice. Although the inclusion and exclusion criteria of clinical trials vary, in general, elderly patients and those who are in poor health are often not included; hence, patients in clinical trials may not be representative of the general population. This analysis of PHAROS suggests that clinical trial data may not fully reflect the real-world outcomes experienced by patients with symptomatic MM. Registry studies are therefore valuable because they provide data on a heterogeneous patient population that more accurately reflects patients encountered in clinical practice. 9 In (2018) 2:4 www.hemaspherejournal.com addition, in real-world practice, dose reductions and modifications may be more likely than in clinical trials, which may impact on survival. This study has some limitations. First, if progression data were not available, PFS was estimated using the start date of a new treatment line as a proxy for the date of progression. Consequently, PFS may have been overestimated in this analysis. Second, in some instances, prognostic data, such as ISS stage at diagnosis, were missing. Thus, proportions and outcomes should be interpreted with caution. In general, registries could be improved if data could be retrieved more easily and consistently from hospital records. Third, owing to the advanced age of patients in PHAROS (median age 71 years), the proportion of patients who had (previously) undergone SCT was lower than might be expected in a typical MM patient population, for example. The majority were elderly patients, and during the study period these were not eligible for SCT in the Netherlands if their age was ≥66 years. Fourth, response in real-world practice is not always measured and/or registered regularly. As a consequence, a comparison with response as measured in clinical trials may be biased.
This analysis of PHAROS provides important information on treatment patterns and outcomes in patients with symptomatic MM in real-world clinical practice in the Netherlands. Most patients received IMiDs and proteasome inhibitors in the first and subsequent treatment lines. With each successive treatment line, OS, PFS, and depth of response decreased. Despite the availability of a number of treatment options, there remains a significant unmet need in MM. The data presented here will provide a useful baseline with which the impact on survival of treatment patterns, including new classes and combinations of agents, can be compared. This information is important for patients, physicians, and payers, and may help to inform treatment decisions in the future.
Materials and methods
Study design
This was a noninterventional observational study using retrospective data from patient charts entered into PHAROS. The study was approved by the ethical committee of the Erasmus University Medical Center Rotterdam in the Netherlands (MEC-2011-200). Patients were followed up from diagnosis until death, loss to follow-up, or end of the observation period.
Data collection and study population
All patients diagnosed with MM (aged ≥18 years) in the Netherlands between January 1, 2004 and December 31, 2011 are included in PHAROS. Data in PHAROS were obtained from hospital records using standardized case report forms. Data were collected between January 2010 and December 2013. OS data were updated in December 2014 for this analysis. Information was collected on diagnosis, comorbidities before and after diagnosis, hospitalization, treatment, supportive care, treatment response (assessed by the International Myeloma Working Group criteria 31 ), infections, treatment-related adverse events, and post-treatment outcomes (including response status and survival).
Patients were included in the analysis for each treatment line that was initiated from 2008 up to and including 2013, and could therefore be evaluated in more than 1 treatment line. We performed the analyses per line. In the first-line analysis, all patient are included who had their first line in 2008 or later. In the second-line analysis, we included patients who had a second line in or after 2008. These could be the same patients but also patients who had a first line in 2007 or earlier; the same applies for the third line and fourth line.
Patients who were enrolled in clinical studies were included in the analysis; patients with smouldering MM (SMM) at diagnosis were excluded. Patients with SMM who progressed to symptomatic MM were included from the time that they initiated MM treatment.
Study endpoints
The primary endpoint of the study was OS from initiation of the first treatment line. The secondary endpoints included OS from the second, third, and fourth line, PFS, best treatment response, and treatment received, all by treatment line. We also performed analyses of OS and PFS according to age, ISS stage at diagnosis, (previous) SCT status, and treatment type.
Statistical analyses
No formal hypotheses were tested. Patients were grouped according to treatment line. Patients who initiated a treatment line between 2008 and 2013 were included for each treatment line; therefore, individuals could have been included in multiple treatment lines if these were initiated within the time frame of these analyses. Patient characteristics and most commonly used treatment regimens were summarized by line of therapy. A line of therapy was considered as a period during which a patient was treated with a specific antitumor regimen and the period following treatment. A treatment line ended when a new treatment was initiated, the end of the follow-up period was reached, or the patient died. A new treatment line was defined as the initiation of treatment with a new antitumor drug regimen when the patient appeared to be refractory, or after disease progression. Changes in dosing were not considered a new line of therapy. Retreatment with the same antitumor regimen was considered a new line of therapy only if it followed disease progression. Patients may have been diagnosed with MM (or with SMM), but did not immediately start treatment; hence, it was possible that there was a delay between diagnosis and firstline treatment initiation.
All analyses were descriptive, and no formal comparisons were made. OS and PFS were estimated using Kaplan-Meier curves. Treatment responses were described by treatment line and depth of response, and patient characteristics were summarized using descriptive statistics.
